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Introduction

Ectopic adrenocorticotrophic hormone (ACTH) syndrome 
(EAS) is a rare disorder, accounting for 5–15% cases of 
endogenous Cushing’s syndrome (CS) (1, 2). Although 

initially construed to be caused by malignant tumours 
(such as small-cell carcinoma of lung), majority of cases 
of EAS are now reported to be caused by neuroendocrine 
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Abstract

Background: Localising ectopic adrenocorticotrophic hormone (ACTH) syndrome (EAS) 

tumour source is challenging. Somatostatin receptor-based PET imaging has shown promising 

results, but the data is limited to case reports and small case series. We reviewed here the 

performance of 68Ga-DOTANOC positron emission tomography (PET)/computed tomography 

(CT) and contrast-enhanced CT (CECT) in our cohort of 12 consecutive EAS patients.

Materials and methods: Retrospective data analysis of 12 consecutive patients of EAS 

presenting to a single tertiary care centre in a period between January 2013 and 

December 2014 was done. CECT and 68Ga-DOTANOC PET/CT were reported (blinded) 

by an experienced radiologist and a nuclear medicine physician, respectively. The 

performance of CECT and 68Ga-DOTANOC PET/CT was compared.

Results: Tumours could be localised in 11 out of 12 patients at initial presentation (overt cases), 

whereas in one patient, tumour remained occult. Thirteen lesions were identified in 11 patients 

as EAS source (true positives). CECT localised 12 out of these 13 lesions (sensitivity 92.3%) and 

identified five false-positive lesions (positive predictive value (PPV) 70.5%). Compared with 

false-positive lesions, true-positive lesions had greater mean contrast enhancement at 60 s 

(33.2 vs 5.6 Hounsfield units (HU)). 68Ga-DOTANOC PET/CT was able to identify 9 out of 13 

lesions (sensitivity 69.2%) and reported no false-positive lesions (PPV 100%).

Conclusion: CECT remains the first-line investigation in localisation of EAS. The contrast 

enhancement pattern on CECT can further aid in characterisation of the lesions. 68Ga-DOTANOC 

PET/CT can be added to CECT, to enhance positive prediction of the suggestive lesions.
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tumours (NETs) that include carcinoid tumours of 
bronchopulmonary system, thymus, and gastrointestinal 
tract; pancreatic NETs; medullary thyroid carcinoma and 
pheochromocytoma/paraganglioma (1, 3). Localisation 
of these tumoral sources of ectopic ACTH secretion is a 
challenging task. With time, the localisation strategies 
have evolved from chest X-rays to advanced anatomical 
imaging such as computed tomography (CT) and magnetic 
resonance imaging (MRI) followed by functional imaging 
modalities (4). The functional imaging modalities that have 
been studied in EAS include metaiodobenzylguanidine 
scans in earlier days, followed by single-photon emission 
computed tomography (SPECT)-based octreotide 
scintigraphy (123I-Tyr-3-octreotide and 111In-DTPA-
pentetreotide) and more recently PET-based imaging such 
as 18F-FDG PET/CT scan and 68Ga-based somatostatin 
receptor (SSTR) positron emission tomography (PET)/CT 
scans (2, 4). Despite these advances, ectopic source remains 
occult in 9–27% of cases (2), even as high as in 50% in  
some series (5, 6, 7). Although of proven value in NETs (8, 9), 
the literature for the newer PET-based imaging, especially 
68Ga SSTR scans in EAS is limited to few case reports/series 
(10, 11, 12, 13, 14, 15, 16). We hereby report our experience 
regarding the performance of 68Ga-DOTANOC PET/CT 
and contrast-enhanced CT (CECT) in 12 consecutive EAS 
patients managed at our centre.

Patients and methods

Medical records of 48 consecutive patients of ACTH-depen-
dent CS treated at the Department of Endocrinology, 
KEM Hospital, Mumbai, India, between January 2013 and 
December 2014 were reviewed retrospectively. Twelve 
patients diagnosed as EAS were included in the study  
(none of these patients had been a part of our previously 
published cohort) (17). The diagnosis of EAS was established 
after a stepwise evaluation as described previously (17). 
All EAS cases (negative/equivocal pituitary MRI and a 
peripheral ACTH gradient on corticotrophin-releasing 
hormone-stimulated inferior petrosal sinus sampling) 
have initially undergone CECT scan of the neck, chest, 
abdomen, and pelvis for localisation of the ectopic source. 
Helical CT was obtained with section collimation of 1–3 mm 
by the Philips Brilliance (Amsterdam, The Netherlands) 
64-slice CT scanner. The contrast enhancement was 
obtained with 80 mL of iodinated material (Accupaque 
300) injected with a mechanical power injector at a rate 
of 2.7 mL/s. Scanning from the neck to the pelvis was 
performed at baseline and 60 s after initiation of contrast 

infusion. 68Ga-DOTANOC PET/CT scan was an additional 
imaging test for all patients. 68Ga was obtained from 
in-house 68Ge–68Ga generator. This was then labelled 
with DOTA-conjugated peptide (DOTANOC), which is 
a somatostatin analogue in the automated synthetic 
module. Whole-body (head to toe) scans were obtained 
with acquisition post 1–1.5 h of intravenous injection of 
3–5 mCi 68Ga-DOTANOC. PET scan was performed after 
CT scan acquisition. Scans were acquired on dedicated 
PET/CT scanner (STE-16, BGO crystal, 16-slice CT scanner, 
GE Healthcare). Vertex-to-mid-thigh acquisitions in 
hands above the head position were obtained. PET 
scan was acquired in 7–8 min overlapped body position 
with 3 min acquisition per body position. CT data were 
used for attenuation correction and fusion imaging. 
The images were reconstructed in the standard display 
consisting of trans-axial, sagittal and coronal projections. 
CT-guided biopsy of the suspected EAS lesion was done 
before surgical resection. Final diagnosis of tumoural 
source of EAS (true-positive lesions) was confirmed on 
the basis of histopathologically proven NETs with ACTH 
immunohistochemistry positivity and/or demonstration 
of significant reduction in hypercortisolemia, after 
resection of the suggested lesion.

For the purpose of this study, CECT images were 
retrospectively reported by an experienced radiologist 
who was blinded for the final outcomes of the patients. 
Reporting was done in a predefined format, which 
included common sites of EAS such as the thyroid, 
thymus, lungs, pancreas and adrenals. The lesions were 
reported as ‘suggestive lesions’ if their CT characteristics 
were suggestive of tumoural origin and provoked specific 
diagnostic action like biopsy. The other lesions, such as 
atelectasis, fibrotic nodule and calcified lymph nodes, 
that did not warrant any action were regarded as ‘non-
specific lesions’. Although these non-specific lesions 
were recorded, they were excluded from the analysis of 
diagnostic accuracy of CT. The CT characteristics of true- 
positive and false- positive lesions were compared in terms 
of morphological features and contrast enhancement 
(difference between postcontrast Hounsfield units (HU) 
at 60 s and baseline HU).

Similarly, 68Ga-DOTANOC PET/CT images were retro-
spectively reviewed by a nuclear medicine physician who 
was blinded to patient outcomes. Any area of uptake with 
intensity greater than background that could not be iden-
tified as physiological activity (pituitary gland, spleen, 
liver, adrenal glands, and uncinate process of pancreas, 
thyroid, and urinary tract) was considered to be positive. 
The sensitivity and PPV were compared with CECT.

http://dx.doi.org/10.1530/EC-16-0010
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International 
License.

Research M R Goroshi et al. 68Ga-DOTANOC PET/CT in 
ectopic ACTH syndrome

En
d

o
cr

in
e 

C
o

n
n

ec
ti

o
n

s

DOI: 10.1530/EC-16-0010
http://www.endocrineconnections.org © 2016 The authors

Published by Bioscientifica Ltd

85–91 5:85

Ta
b

le
 1

 
B

as
el

in
e 

ch
ar

ac
te

ri
st

ic
s 

o
f 

p
at

ie
n

ts
, l

es
io

n
s 

re
p

o
rt

ed
 o

n
 C

EC
T 

an
d

 68
G

a-
D

O
TA

N
O

C
 P

ET
/C

T,
 h

is
to

p
at

h
o

lo
g

y,
 a

n
d

 fi
n

al
 o

u
tc

o
m

e.

E
A

S
 l

e
si

o
n

s
C

E
C

T

6
8
G

a
-D

O
T-

A
N

O
C

 P
E
T/

C
T

P
la

sm
a
 

A
C

TH
  

(p
g

/m
L)

LD
D

S
 

co
rt

is
o

l 
(β

g
/d

L)
C

a
se

 n
o

A
g

e
/s

e
x

Tr
u

e
 p

o
si

ti
v
e
 (

TP
)

Su
g

g
es

ti
ve

 le
si

o
n

s

N
o

n
-s

p
ec

ifi
c 

le
si

o
n

s

N
u

m
b

e
r 

o
f 

le
si

o
n

s 
(S

U
V

 
m

ax
)

A
C

TH
 

S
ta

in
in

g

Fi
n

a
l 

h
is

to
p

a
-

th
o

lo
g

y
O

u
tc

o
m

e
Tr

u
e 

p
o

si
ti

ve
*

Fa
ls

e 
p

o
si

ti
ve

1
45

/F
2.

5 
cm

 n
o

d
u

le
 in

 t
h

e 
le

ft
 in

fe
ri

o
r 

h
ila

r 
re

g
io

n
 o

f 
th

e 
lu

n
g

 (
Fi

g
. 1

A
1 

an
d

 A
2)

1
1 

(7
 m

m
 

liv
er

 
n

o
d

u
le

)

1 
(L

N
)

1 
(T

P)
 (

3.
4)

20
3

8.
81

+
B

PC
R

em
is

si
o

n

2
28

/F
0.

8 
cm

 n
o

d
u

le
 in

 t
h

e 
m

ed
ia

l s
eg

m
en

t 
o

f 
th

e 
m

id
d

le
 lo

b
e 

o
f 

th
e 

ri
g

h
t 

lu
n

g
 

(F
ig

. 1
B

1 
an

d
 B

2)

1
0

0
1 

(T
P)

 (
2.

4)
25

2
13

.4
+

B
PC

R
em

is
si

o
n

3
41

/F
0.

9 
cm

 n
o

d
u

le
 in

 t
h

e 
ap

ic
al

 s
eg

m
en

t 
o

f 
th

e 
ri

g
h

t 
lo

w
er

 lo
b

e 
o

f 
th

e 
lu

n
g

 (
Fi

g
. 1

C
1 

an
d

 
C

2)

1
0

0
1 

(T
P)

 (
1.

5)
30

4
29

.4
+

B
ro

n
ch

ia
l 

p
ar

ag
an

-
g

lio
m

a

R
em

is
si

o
n

4
56

/M
2.

6 
cm

 n
o

d
u

le
 in

 t
h

e 
su

p
er

io
r 

se
g

m
en

t 
o

f 
th

e 
ri

g
h

t 
lo

w
er

 lo
b

e 
o

f 
th

e 
lu

n
g

 (
Fi

g
. 1

D
1 

an
d

 D
2)

1
1 

(t
h

yr
o

id
 

n
o

d
u

le
)

2 
(L

N
, F

L)
1 

(T
P)

 (
4.

4)
31

4
34

.5
N

A
N

A
Pa

rt
ia

l  
re

m
is

si
o

n
 a

ft
er

 
R

FA
5

23
/M

1 
cm

 n
o

d
u

le
 in

 t
h

e 
ap

ic
o

p
o

st
er

io
r 

se
g

m
en

t 
o

f 
th

e 
le

ft
 u

p
p

er
 lo

b
e 

o
f 

th
e 

lu
n

g
 

(F
ig

. 2
E1

 a
n

d
 E

2)

1
0

1 
(L

N
)

0
98

.6
15

.4
6

+
B

PC
R

em
is

si
o

n

6
43

/F
1.

2 
cm

 n
o

d
u

le
 in

 t
h

e 
m

ed
ia

l s
eg

m
en

t 
o

f 
th

e 
ri

g
h

t 
m

id
d

le
 lo

b
e 

o
f 

th
e 

lu
n

g
 

(F
ig

. 2
F1

 a
n

d
 F

2)

1
0

2 
(a

te
la

ct
as

is
, 

ad
re

n
al

 
ad

en
o

m
a)

0
72

.9
23

.1
9

+
B

PC
R

em
is

si
o

n

7
34

/F
M

u
lt

ip
le

 c
o

n
fl

u
en

t 
so

lid
 n

o
d

u
le

s 
o

f 
 

1–
1.

5 
cm

 in
 t

h
e 

u
p

p
er

 lo
b

e 
o

f 
th

e 
ri

g
h

t 
lu

n
g

 (
ta

ke
n

 a
s 

a 
si

n
g

le
 le

si
o

n
) 

(F
ig

. 2
G

1 
an

d
 G

2)

1
0

2 
(L

N
, F

L)
0

24
4

16
.5

+
D

IP
N

EC
H

R
em

is
si

o
n

8
33

/F
1 

cm
 n

o
d

u
le

 in
 t

h
e 

ap
ic

al
 s

eg
m

en
t 

o
f 

th
e 

ri
g

h
t 

lo
w

er
 lo

b
e 

o
f 

th
e 

lu
n

g
 (

Fi
g

. 2
H

1 
an

d
 

H
2)

1
0

1 
(fi

b
ro

ca
vi

ta
-

to
ry

 le
si

o
n

)
0

86
4

52
.4

+
B

PC
R

em
is

si
o

n

9
37

/F
Tw

o
 5

.8
 a

n
d

 1
 cm

 r
et

ro
p

er
it

o
n

ea
l m

as
se

s 
(F

ig
. 3

I1
 a

n
d

 I2
)

2
0

0
2 

(T
P)

  
(1

9.
4,

 1
9)

12
50

58
.4

+
R

PC
R

em
is

si
o

n

10
22

/M
3 

cm
 m

as
s 

in
 t

h
e 

b
o

d
y 

o
f 

p
an

cr
ea

s 
(F

ig
. 3

J1
 

an
d

 J
2)

1
0

1 
(F

L)
1 

(T
P)

 (
3.

2)
31

4
31

+
PN

ET
R

em
is

si
o

n

11
36

/M
(a

) 
1.

9 
cm

 n
o

d
u

le
 in

 t
h

e 
m

ed
ia

l s
eg

m
en

t 
o

f 
th

e 
ri

g
h

t 
m

id
d

le
 lo

b
e 

o
f 

th
e 

lu
n

g
 (

b
) 

0.
7 

cm
 n

o
d

u
le

 in
 t

h
e 

lo
w

er
 lo

b
e 

o
f 

th
e 

le
ft

 lu
n

g
 (

Fi
g

. 3
K

1,
 K

2 
an

d
 K

3)

1 
(T

P 
a)

0
1 

(L
N

)
2 

(T
P 

a 
an

d 
b)

 
(2

, 3
.5

)
31

9
65

.8
+

SC
LC

B
ila

te
ra

l  
ad

re
n

al
ec

to
m

y 
an

d
  

ch
em

o
th

er
ap

y
12

29
/M

N
o

 d
efi

n
it

e 
le

si
o

n
 id

en
ti

fi
ed

#
0

3 
(l

u
n

g
 

n
o

d
u

le
s)

**
0

0
10

7
53

N
A

–
B

ila
te

ra
l  

ad
re

n
al

ec
to

m
y

A
C

TH
, a

d
re

n
o

co
rt

ic
o

tr
o

p
h

ic
 h

o
rm

o
n

e;
 L

D
D

S,
 lo

w
-d

o
se

 d
ex

am
et

h
as

o
n

e 
su

p
p

re
ss

io
n

; B
PC

, b
ro

n
ch

o
p

u
lm

o
n

ar
y 

ca
rc

in
o

id
; D

IP
N

EC
H

, d
if

fu
se

 id
io

p
at

h
ic

 p
u

lm
o

n
ar

y 
n

eu
ro

en
d

o
cr

in
e 

ce
ll 

h
yp

er
p

la
si

a;
 F

L,
 

fi
b

ro
ti

c 
le

si
o

n
; L

N
, c

al
ci

fi
ed

 m
ed

ia
st

in
al

 ly
m

p
h

 n
o

d
e;

 N
A

, n
o

t 
av

ai
la

b
le

; P
N

ET
, p

an
cr

ea
ti

c 
n

eu
ro

en
d

o
cr

in
e 

tu
m

o
r;

 R
PC

, r
et

ro
p

er
it

o
n

ea
l c

ar
ci

n
o

id
; S

C
LC

, s
m

al
l-

ce
ll 

lu
n

g
 c

ar
ci

n
o

m
a;

 S
U

V
 m

ax
, 

st
an

d
ar

d
iz

ed
 u

p
ta

ke
 v

al
u

e 
m

ax
im

u
m

.
*T

h
e 

tr
u

e 
p

o
si

ti
ve

 le
si

o
n

s 
ar

e 
th

e 
sa

m
e 

as
 t

h
e 

tr
u

e 
p

o
si

ti
ve

s 
d

es
cr

ib
ed

 in
 t

h
e 

ad
ja

ce
n

t 
co

lu
m

n
; *

*L
es

io
n

s 
w

er
e 

n
o

n
-e

n
h

an
ci

n
g

 a
n

d
 d

is
ap

p
ea

re
d

 a
ft

er
 t

h
e 

co
u

rs
e 

o
f 

an
ti

b
io

ti
cs

; # P
at

ie
n

t 
w

it
h

 o
cc

u
lt

 
d

is
ea

se
 a

t 
la

st
 f

o
llo

w
-u

p
.

http://dx.doi.org/10.1530/EC-16-0010
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International 
License.

Research M R Goroshi et al. 68Ga-DOTANOC PET/CT in 
ectopic ACTH syndrome

En
d

o
cr

in
e 

C
o

n
n

ec
ti

o
n

s

DOI: 10.1530/EC-16-0010
http://www.endocrineconnections.org © 2016 The authors

Published by Bioscientifica Ltd

86–91 5:86

Results

In our series, the mean age at presentation was 35.5 years 
(range 22–45 years) with five males and seven females 
(Table 1). Out of 12 patients, EAS source could be localised 
in 11 patients at the first evaluation (overt cases), whereas 
1 patient remained occult till last follow-up (18 months). 
In these 11 patients, a total of 13 lesions (10 intra-thoracic, 
3 intra-abdominal) were found to be true-positive EAS 
source (Figs  1, 2 and 3). Two patients had two lesions 
each, resulting in 13 lesions in 11 patients (patient 11 had 
small-cell carcinoma in the middle lobe of the right lung, 
with metastasis to the left lung, and patient 9 was reported 
to have two distinct adjacent lesions on both CECT and 
68Ga-DOTANOC PET/CT, which was later confirmed as a 
single retroperitoneal carcinoid intra-operatively).

CECT

The radiologist reported 28 lesions in total, with 17 as 
‘suggestive lesions’ and 11 as ‘non-specific’ ones (Table 1). 
Compared with the final outcome, 12 of these 17 suggestive 
lesions were true positive, and the remaining 5 were false 
positive. The false-positive lesions included three infective 
pulmonary nodules in patient 12 (which cleared on repeat 
imaging after antibiotic therapy), one thyroid nodule in 

patient 5 (which was cytologically Bethesda category 2) 
and one 7 mm liver nodule in patient 1 (which remained 
static even after patient achieved remission post-resection 
of bronchial carcinoid). Thus, CECT has sensitivity of 
92.3% (12/13) for overt cases, and positive predictive value 
(PPV) of 70.5% (12/17) for ‘suggestive’ lesions (Table 2). 
However, the PPV dropped down to 42.8% (12/28) with 
inclusion of non-specific lesions. Difference between post-
contrast HU at 60 s and baseline HU was 33.2 HU (range 
26.0–62.5) for true-positive lesions and 5.6 HU (range 2–8) 
for false-positive lesions.

68Ga-DOTANOC PET/CT

The nuclear medicine physician reported 9 lesions (out of 
13 true positive lesions) in seven patients. Thus, PPV of 
68Ga-DOTANOC PET/CT per lesion was 100% (Table 2). It 
failed to identify four lesions (one lesion each in patients 
5, 6, 7 and 8; Fig. 2), thus making a sensitivity of 69.2%. 
The mean standardised uptake value maximum in the 
positive lesions was 5.79 (range 1.5–19.4).

Management and outcome

The management strategies included resection of the 
suspected lesions in nine patients, radiofrequency 

Figure 1
Representative CECT and 68Ga-DOTANOC PET/CT images for patients 1 (A1 and A2), 2 (B1 and B2), 3 (C1 and C2) and 4 (D1 and D2). All four patients had 
bronchopulmonary carcinoids (BPC) with corresponding uptake on 68Ga-DOTANOC PET/CT scans. Details given in Table 1.
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ablation of lung nodule (patient 4, high surgical risk) and 
chemotherapy for metastatic small-cell lung carcinoma 
(patient 11). Patient 12 underwent bilateral adrenalectomy 
to control hypercortisolism, because tumour remained 
occult at last follow-up (18 months). Details of outcome 
are shown in Table 1.

Histopathology

Histopathology was available in all patients except one 
(patient 4). Patient 4 underwent CT-guided biopsy of 
suspected lung lesion at the time of radiofrequency 
ablation (RFA), but the biopsied specimen was inadequate 

Figure 2
Representative CECT and 68Ga-DOTANOC PET/CT images for Case 5: BPC showed on CECT (E1) with no uptake on 68Ga-DOTANOC PET (E2) Case 6: BPC 
showed on CECT (F1) with no uptake on 68Ga-DOTANOC PET (F2) Case 7: DIPNECH showed on CECT (G1) with no uptake on 68Ga-DOTANOC PET (G2)  
Case 8: BPC showed on CECT (H1) with no uptake on 68Ga-DOTANOC PET (H2) Details given in Table 1.

Figure 3
Representative CECT and 68Ga-DOTANOC PET/CT images for Case 9: Retroperitoneal carcinoid positive on both scans (I1 and I2) Case 10: NET at the body 
of pancreas with atrophic tail positive on both scans (J1 and J2) Case 11: Small cell carcinoma of right lung (K1 and K2) with metastasis to opposite lung 
(K3) Details given in Table 1.
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for histopathological diagnosis. However, there was 
significant reduction in hypercortisolaemia post-RFA; 
hence, it was considered as the true EAS source. All other 
patients (n = 10) had histopathologically confirmed 
NET with positive immunostaining for synaptophysin, 
chromogranin and ACTH. The histopathological 
diagnosis included bronchopulmonary carcinoids (n = 5), 
diffuse idiopathic pulmonary neuroendocrine cell 
hyperplasia (n = 1), pulmonary paraganglioma (n = 1), 
small-cell carcinoma lung (n = 1), gastroenteropancreatic 
neuroendocrine tumor (GEP-NET) (n = 1) and 
retroperitoneal carcinoid (n = 1).

Discussion

The localisation of tumours causing EAS has always been a 
challenge. In an editorial review, de Herder and coworkers 
(18) have suggested that no single imaging modality is 
of sufficient accuracy to allow singular use, and various 
modalities especially anatomical and functional imaging 
have to be used in combination. This older review is 
still held true by recent systemic analyses (2). Among 
the functional imaging modalities, maximum data are 
on SPECT-based octreotide scintigraphy (10). In general, 
PET-based imaging offers a better modality over SPECT-
based imaging (19). SSTR-based PET imaging has shown 
promising results in localisation of EAS. However, the 
data on this modality is limited to case reports and some 
case series (11, 12, 13, 14, 15, 16). We reviewed here 
the performance of 68Ga-DOTANOC PET/CT imaging 
in detecting the source of ectopic ACTH secretion in 12 
consecutive patients of EAS presented to our centre between 
2013 and 2014. Given the inherent bias of reporting only 
positive cases in case reports, our study is important as it 
is the largest report of use of this modality in consecutive 
patients of EAS and its comparison with CECT. 

68Ga-DOTANOC PET/CT

In our study, 68Ga-DOTANOC PET/CT localised 9 out of 
13 lesions with overall sensitivity of 69.2%; site-specific 

sensitivity was 60% (6/10) for lung lesions and 100% (3/3) 
for GEP-NET. As there are no similar series for comparison, 
we compared the performance of 68Ga-DOTANOC 
PET/CT in our study with a recent individual patient-based 
systematic review done by Isidori and coworkers (2). They 
analysed studies on EAS localisation, which have included 
at least one conventional and one nuclear medicine 
investigation. In this systematic review, data on 68Ga-SSTR 
PET/CT use was available for EAS patients (n = 23). They 
reported similar CECT sensitivity of 81.8% (18/22) for 
histopathologically proven lesions, 77.8% (7/9) for lung 
lesions and 100% (4/4) for GEP NET. Better performance 
of 68Ga-DOTANOC PET/CT is well reported in GEP-NET 
(sensitivity approaching up to 95%) (20).

Additionally, in our study, no false-positive lesions 
were reported in 68Ga-DOTANOC PET/CT, making its PPV 
100%. This is comparable with the lower false-positive 
rate (4.3%) reported by Isidori and coworkers (2). Our 
finding of high PPV of 68Ga-DOTANOC PET/CT is particu-
larly important as it may consolidate the findings of CECT 
(which, though more sensitive, has lower PPV). This  
substantiates the suggested role of functional imaging to 
back up the findings of anatomical imaging and facili-
tate therapeutic decision making (18, 21). We suggest 
that a convincing uptake on 68Ga-DOTANOC PET/CT in  
suspected lesions might obviate the need for preoperative 
biopsy to establish ACTH source, although this needs to 
be studied in a larger prospective cohort.

CECT

In our study, CECT has sensitivity of 92.3% in overt 
cases and PPV of 70.5% for ‘suggestive’ lesions. Various 
series have reported the sensitivity of CECT ranging from 
66 and 93% (2, 3, 21). The probable reasons for better 
sensitivity observed by us (92.3%) might be a small 
sample size, technical differences in the CT scanning, 
referral bias for severe cases and the lower number of 
occult cases in our cohort. As the tumours responsible 
for EAS are often small, the resolution of CT scan as 
determined by the slice thickness of CT acquisition is an 
important determinant. Whenever specified, different 
series have used variable slice thicknesses ranging from 1 
to 10 mm (3, 21). We have used thin sections of 1–3 mm, 
which might partly explain the better sensitivity observed 
in our study. Another important confounding factor is 
the proportion of occult cases in the studied cohort. This 
is evident in a study by Zemskova and coworkers (21) in 
which they did a comprehensive prospective analysis of 
imaging modalities in 41 EAS patients. They reported that 

Table 2 Sensitivity and PPV of CECT and 68Ga-DOTANOC  

PET/CT (total true-positive lesions = 13).

True 
positive

False 
positive

False 
negative

Sensitiv-
ity (%)

PPV 
(%)

CECT 12 5 1 92.3 70.5
68Ga-DOTANOC 

PET/CT
9 0 4 69.2 100
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the sensitivity of CT reduced from 93% (when restricted 
to tumour-found group) to 63% (when occult cases were 
included in the analysis).

In our study, CECT had a PPV of 70.5% (with a false-
positive rate of 29.5%), which is similar to that reported 
by Zemskova and coworkers (66%) (21). However, the 
false-positive rate is considerably higher than that 
reported by Isidori and coworkers (a false-positive rate 
of only 3.7%) (4). Although the reason for this disparity 
remains unknown, one notable difference is the higher 
sensitivity of CECT (92.3%) in our study compared with 
that by Isidori and coworkers (66.2% overall and 81.8% 
for histologically confirmed cases). Given the fact that 
high sensitivity often comes at a cost of high false-positive 
rate, use of sensitive acquisition parameters of thin CT 
sections (1–3 mm) at our centre might have contributed to 
higher false-positive rate. Notably, we have excluded the 
non-specific lesions (which did not evoke any diagnostic 
action like biopsy) from our analysis. This factor has an 
important bearing on the PPV analysis. As predicted, the 
PPV of CECT reduced to 42.8% after inclusion of such 
lesions. Because NETs are highly vascular structures and 
have good contrast enhancement (23), we analysed the 
contrast enhancement characteristics of our true-positive 
lesions. We found that true-positive lesions had better 
enhancement compared with false-positive lesions. We 
suggest that consideration of this characteristic may 
enhance the predicitivity of suggestive lesions on CECT.

Finally, all our patients with positive functional 
imaging had a corresponding lesion well evident on 
conventional CT scans. Tabarin and coworkers (24) have 
questioned the additional utility of SSTR-based functional 
imaging, arguing that in most positive reported cases, 
the source of ectopic ACTH was already evident on 
conventional CT/MRI scans. They have shown the limited 
utility of SSTR imaging (octreotide-based SPECT imaging) 
over CECT in a carefully selected cohort of 12 patients 
with occult EAS on conventional imaging. Given that the 
functional imaging scans have limited availability, this 
objection seems pertinent. The sensitivity of CT scans will 
always be higher than that of functional scans because 
it is not biologically plausible to have a tracer uptake on 
the functional scan without a corresponding anatomical 
substrate on CT/MRI. However, for clinical relevance,  
suggestive lesions on CT should not only escape an overlook 
but also be convincing enough to provoke therapeutic 
intervention. Reports of initially overlooked lesions 
on CECT, which were retrospectively confirmed after a 
positive SSTR scan, substantiate the former concern (5).  
Notably patient 2, (Fig.  1B) had a 0.8 cm nodule in the 

middle lobe of the right lung lying along the course of 
pulmonary vessels. The difficulty encountered in detecting 
such lesions is well described (25). Although it was reported 
as probable lesion by the radiologists at our centre, her scans 
were repeatedly reported negative at the referring centre. 
The attempts at biopsy failed due to difficult location. The 
convincing uptake shown on 68Ga-DOTANOC PET/CT  
consolidated the diagnosis and facilitated the decision 
of surgery. Similar facilitation with a positive functional 
scan was reported by More and coworkers (26) in a patient 
with severe bronchiectasis that defied CECT localisation 
of two bronchial carcinoids. Additionally, 68Ga-DOTANOC  
PET/CT has helped to change the management strategy in 
one of our patients. In patient 11 (Fig. 3), identification of 
an additional focus on 68Ga-DOTANOC PET/CT changed 
the stage of the disease (from localised disease to metastatic) 
and treatment (from surgery to palliative chemotherapy).

Given the limited availability of 68Ga-DOTANOC 
PET/CT, the commonly used functional imaging modal-
ity is octreoscan (123I-Tyr-3-octreotide and 111In-DTPA-
pentetreotide scans). However, there are no studies of 
direct comparison of these octreoscans with 68Ga-DOTA-
NOC PET/CT in a cohort of EAS patients. Technically, 
68Ga-DOTANOC PET/CT has better sensitivity and image 
quality than SPECT-based octreoscan due to improved 
spatial resolution and better signal-to-noise ratios attrib-
utable to PET-based acquisition parameters (19). In their 
review, Isidori and coworkers reported lower sensitivity 
of octreoscan (48.9%) compared with 68Ga-DOTANOC  
PET/CT (81.8%) in the overall cohort (2).

The limitations of our study include small sample size 
and lower number of occult cases. Also, majority of our 
tumours were intra-thoracic. This may influence the sen-
sitivity analysis because tumour site-specific differences 
in sensitivity of imaging modalities are well described 
(2). We emphasise the need for a larger prospective study 
on 68Ga-based SSTR PET/CT in EAS patients with varied 
tumour types. Also, our sample may not be representative 
of general population, because ours being an established 
referral centre for CS, the possibility of preferential refer-
ence of difficult patients with CS who were not localised 
by the routine workup could not be refuted, and this may 
account for higher proportion of ectopic CS cases in our 
total CS cohort.

In sum, based on our retrospective experience, our 
current approach to localisation of EAS is to initiate with 
a thin-slice (1–3 mm) conventional CECT scan from the 
neck to the pelvis (owing to its higher sensitivity) followed 
by 68Ga-DOTANOC PET/CT scan for confirmation of posi-
tive lesions (due to its higher PPV). In case of  unavailability 
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of 68Ga-DOTANOC PET/CT scans, we suggest a careful 
study of contrast enhancement pattern on CECT to char-
acterise the lesions and guide better targeting of lesions 
for biopsy (with ACTH staining). Conversely, positive  
68Ga-DOTANOC PET/CT scans may obviate the need for 
preoperative biopsy.

To conclude, in the current era of functional imaging,  
conventional imaging with thin-section CECT still holds 
promise in EAS localisation. The need for experienced 
radiology services cannot be overemphasised. 68Ga-DOTA-
NOC PET/CT images help to consolidate the CT localisa-
tion findings.
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